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c.  Dam  failure  significantly  increases  the  hazard  to  loss  of 
life  downstream. 
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PHA^F  T  RFPDRT 
NATIONAL  DAM  SAFETY  PROGRAM 
ASSESSMENT  SUMMARY 


Name  of  Dam 
State  Located 
County  Located 
Stream 

Date  of  Inspection 


Grindstone-Lost-Muddy  Creek  Dam  C-3 

Missouri 

Dekalb  County 

Lost  Creek 

June  3,  1980 


Grindstone-Lost-Muddy  Creek  Dam  C-3  was  inspected  by  an  inter¬ 
disciplinary  team  of  engineers  from  Hoskins-Western-Sonderegger ,  Inc. 

The  purpose  of  the  inspection  was  to  make  an  assessment  of  the  general 
conditions  of  the  dam  with  respect  to  safety,  based  upon  available  data 
and  visual  inspection,  in  order  to  determine  if  the  dam  poses  hazards  to 
human  life  or  property. 

The  guidelines  used  in  the  assessment  were  furnished  by  the  Department 
of  the  Army,  Office  of  the  Chief  of  Engineers  and  developed  with  the  help 
of  several  Federal  and  State  agencies,  professional  engineering  organizations, 
and  private  engineers. 

Grindstone-Lost-Muddy  Creek  Dam  C-3  has  a  height  of  thirty-nine  (39) 
feet  and  a  storage  capacity  at  the  minimum  top-  elevation  of  the  dam  of  eight 
thousand  nine  hundred  and  sixteen  (8,916)  acre-feet.  In  accordance  with  the 
guidelines,  an  intermediate  size  dam  has  a  height  greater  than  or  equal  to 
forty  (40)  feet  but  less  than  one  hundred  (100)  feet  and  a  storage  capacity 
greater  than  or  equal  to  one  thousand  (1000)  acre-feet  but  less  than  fifty- 
thousand  (50,000)  acre-feet.  The  size  classification  is  determined  by  either 
the  storage  capacity  or  height,  whichever  gives  the  larger  size  category. 
Grindstone-Lost-Muddy  Creek  Dam  C-3  is  classified  as  an  intermediate  size  dam. 

In  accordance  with  the  guidelines  and  based  on  visual  observation,  the 
dam  is  classified  as  having  a  high  potential  for  damage  and  loss  of  life. 
Failure  would  threaten  life  and  property.  The  estimated  damage  zone  extends 
about  fifteen  miles  downstream  of  the  dam.  Within  the  damage  zone  are  one 
dwelling  with  barns  and  State  Highway  A  at  9.8  miles;  a  dwelling  and  barns 
at  12.5  miles;  a  dwelling  and  barns  at  12.8  miles;  a  railroad  at  13.8  miles 
and  two  trailer  houses  at  15  miles  downstream. 

Our  inspection  and  evaluation  indicates  that  the  spillways  do  not  meet 
the  criteria  set  forth  in  the  recommended  guidelines  for  an  intermediate 
size  dam  having  a  high  hazard  potential.  The  Probable  Maximum  Flood  is  the 
appropriate  spillway  design  flood.  The  spillways  will  pass  the  100-year 
flood  {1%  probability  flood,  a  flood  having  a  one  percent  chance  of  being 
exceeded  in  any  year)  without  overtopping  the  dam.  The  spillways  will  pass 
35%  of  the  Probable  Maximum  Flood  without  overtopping  the  dam.  The  Probable 
Maximum  Flood  (PMF)  is  defined  as  the  flood  that  may  be  expected  from  the 
most  severe  combination  of  critical  meteorologic  and  hydrologic  conditions 
that  are  reasonably  possible  in  the  region. 


Based  on  available  design  data  and  on  the  observations  made  during 
the  field  inspection  of  the  dam,  the  following  recommendations  are  made: 


a.  The  emergency  spillway  size  and/or  the  height  of  the  dam  should 
be  increased  to  pass  the  Probable  Maximum  Flood  without  over¬ 
topping  the  dam. 

b.  The  joint  openings  in  the  concrete  spillway  outlet  should  be 
repaired. 

c.  Tree  growth  on  the  upstream  side  slope  should  be  removed  and 
measures  taken  to  prevent  recurrence.  Large  trees  or  trees  with 
an  extensive  system  of  roots  should  be  removed  under  the  guidance 
of  an  engineer  experienced  in  the  design  and  construction  of  dams 

d.  Periodic  inspection  of  the  dam  should  be  continued  with  inspec¬ 
tion  reports  made  a  part  of  the  records  of  this  structure. 


Rey  S.  Di 
E-3703 


Harold  P.  Hoskins,  Chairman  of  the  Board 
Hoskins-Western-Sonderegger,  Inc. 

E-8696 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
GRINDSTONE-LOST-MUDDY  CREEK  DAM  C-3 
DEKALB  COUNTY,  MISSOURI  -  MO  10384 


SECTION  1  -  PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authori ty .  The  National  Inspection  Act,  Public  Law  92-367, 
authorized  the  Secretary  of  the  Army  through  the  Corps  of 
Engineers,  to  initiate  a  program  of  safety  inspection  of  dams 
throughout  the  United  States.  Pursuant  to  the  above,  the  St. 

Louis  District,  Corps  of  Engineers,  District  Engineer  directed 
that  a  safety  inspection  of  Grindstone-Lost-Muddy  Creek  Dam  C-3 
be  made. 

b.  Purpose  of  Inspection.  The  purpose  of  the  inspection  was  to  make 
an  assessment  of  the  general  condition  of  the  dam  with  respect  to 
safety,  based  upon  available  data  and  visual  inspection,  in  order 
to  determine  if  the  dam  poses  hazards  to  human  life  or  property. 

c.  Evaluation  Criteria.  Criteria  used  to  evaluate  the  dam  were  fur¬ 
nished  by  the  Department  of  the  Army,  Office  of  the  Chief  of 
Engineers,  in  "Recommended  Guidelines  for  Safety  Inspection  of 
Dams",  Appendix  D  to  "Report  of  the  Chief  of  Engineers  on  the 
National  Program  of  Inspection  of  Dams,"  dated  May,  1975,  and 
published  by  the  Department  of  the  Army,  Office  of  the  Chief  of 
Engineers. 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances. 

(1)  The  dam  is  an  earth  fill  of  intermediate  size  located  in 
gently  rolling  topography  in  the  northwestern  corner  of 
Missouri  about  10  miles  northwest  of  Maysville.  The  dam 
is  approximately  39  feet  in  height  and  has  a  maximum  water 
storage  at  the  minimum  top  of  dam  of  8,916  acre-feet. 

Upland  soils  in  the  area  are  developed  in  loess.  Soils  on 
the  slopes  are  developed  in  loess  colluvium  and/or  Kansan 
till. 

The  dam  consists  of  two  legs  with  the  principal  embankment 
oriented  almost  east-west  and  the  secondary  wing  dike  ori¬ 
ented  northeast-southwest.  The  emergency  spillway  is  located 
at  the  left  end  of  the  principal  embankment. 
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(2)  The  principal  spillway  is  uncontrolled  and  consists  of  a 
reinforced  concrete  drop  inlet  with  antivortex  device  and 
trash  rack  connected  with  a  reinforced  concrete  box  conduit 
outletting  into  a  chute  with  energy  dissipating  blocks. 

(3)  An  uncontrolled  vegetated  earth  emergency  spillway  is  located 
between  the  principal  east-west  embankment  and  the  secondary 
northeast-southwest  wing  dike  on  the  left  abutment. 

(4)  Pertinent  physical  data  are  given  in  paragraph  1.3  below. 

b.  Location.  The  dam  is  located  in  the  northwest  portion  of  Dekalb 
County  in  the  NE  1/4  of  Sec.  13,  T60N,  R32W,  about  10  miles 
northwest  of  Maysville,  Missouri.  It  is  located  on  Lost  Creek, 

a  tributary  of  the  Grindstone  River. 

c.  Size  Classification.  Criteria  for  determining  the  size  classifi¬ 
cation  of  dams  and  impoundments  are  presented  in  the  guidelines 
referenced  in  paragraph  1.1c  above.  Grindstone-Lost-Muddy  Creek 
Dam  C-3  has  a  height  of  39  feet  and  a  storage  capacity  of  8,916 
acre-feet.  This  dam  is  classified  as  an  intermediate  size  dam. 

An  intermediate  size  dam  has  a  height  greater  than  or  equal  to 

40  feet  but  less  than  100  feet  and  a  storage  capacity  greater 
than  or  equal  to  1,000  acre-feet  but  less  than  50,000  acre-feet. 
The  size  classification  is  determined  by  either  the  storage  or 
height,  whichever  gives  the  larger  size  category. 

d.  Hazard  Classification.  Guidelines  for  determining  hazard  class¬ 
ification  are  presented  in  the  same  guidelines  as  referenced  in 
paragraph  1.1c  above.  Based  on  referenced  guidelines  and  visual 
observation,  this  dam  is  in  the  High  Hazard  Classification.  The 
estimated  damage  zone  extends  for  about  15  miles  downstream  of 
the  dam.  Within  the  damage  zone  are  one  dwelling  with  barns  and 
State  Highway  A  at  9.8  miles;  a  dwelling  and  barns  at  12.5  miles; 
a  dwelling  and  barns  at  12.8  miles;  a  railroad  at  13.8  miles  and 
2  trailer  houses  at  15  miles  downstream. 

e.  Ownershi p.  The  dam  is  owned  by  the  Soil  and  Water  Conservation 
Districts  of  Daviess,  Dekalb  and  Gentry  Counties  and  by  Mr.  Brown 
Harris,  Farmers  Export  Co.,  1  Ward  Parkway,  Kansas  City,  Missouri 
64112. 

f.  Purpose  of  Dam.  The  dam  was  constructed  for  flood  control,  recre¬ 
ation  and  future  municipal  water  for  the  City  of  Maysville. 

g.  Design  and  Construction  History.  The  dam  was  designed  by  the 
Soil  Conservation  Service,  Columbia,  Missouri  and  constructed  in 
1970  by  Lexeco,  Leavenworth,  Kansas. 
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h.  Normal  Operating  Procedure.  There  are  no  operating  facilities 
for  this  dam.  The  pool  level  is  controlled  by  rainfall,  infil¬ 
tration,  evaporation,  and  the  capacity  of  the  uncontrolled 
spillways. 

1.3  PERTINENT  DATA 

a.  Drainage  Area.  12,160  acres  (19.0  square  miles). 

b.  Discharge  at  Damsite. 

(1)  All  discharges  at  the  damsite  are  through  an  uncontrolled 
reinforced  concrete  drop  inlet  (riser)  with  a  reinforced 
concrete  box  conduit  through  the  dam  and  an  uncontrolled 
vegetated  earth  spillway. 

(2)  Estimated  maximum  flood  -  unknown.  (It  was  reported  by  Mr. 
Carl  Pierce,  District  Conservationist,  that  the  spillway 
operated  once  shortly  after  dam  was  constructed  at  which 
time  the  reservoir  got  just  up  to  the  control  section). 

(3)  The  principal  spillway  capacity  varies  from  0  c.f.s.  at 
elevation  944.3  feet  (orifice  crest)  to  230  c.f.s.  at 
elevation  949.5  feet  (weir  crest)  to  895  c.f.s.  at  elevation 
955.2  feet  (emergency  spillway  crest)  to  1049  c.f.s.  at 
elevation  962.4  feet  (minimum  top  of  dam). 

(4)  The  emergency  spillway  capacity  varies  from  0  c.f.s.  at  its 
crest  elevation  955.2  feet  to  11,620  c.f.s.  at  elevation 
962.4  feet  (minimum  top  of  dam). 

(5)  Total  spillway  capacity  at  the  minimum  top  of  dam  is  12,669 

c.f.s.+ 

c.  Elevations.  (Feet  above  M.S.L.) 

(1)  Top  of  dam  -  962.4  (minimum  measured)  961.7  (min.  plans) 

(2)  Spillway  crests 

(a)  Principal  spillway  crest  (low  stage)  -  944.3 

(b)  Principal  spillway  crest  (high  stage)  -  949.5 

(c)  Emergency  spillway  crest  -  955.2  (measured)  954.7  (plans) 


(3)  Normal  pool  -  944.3 

(4)  Observed  pool  -  944.2 


(5)  Maximum  experienced  pool  -  955  + 

(6)  Streambed  at  centerline  -  924  + 

(7)  Maximum  tailwater  -  Unknown 
d.  Reservoir.  Length  (feet  of  pool 

(1)  Principal  Spillway  -  8,900  + 

(2)  Emergency  Spillway  -  15,800  + 

(3)  Top  of  dam  (Minimum)  -  18,000  + 
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(1)  Type  -  Homogeneous  earth  fill 

(2)  Length  -  1920  ft.  +  (plans) 

(3)  Height  -  39  ft.  + 

(4)  Top  width  -  15  ft. 

(5)  Side  slopes. 

(a)  Downstream  IV  on  2.5  H 

(b)  Upstream  IV  on  2.5  H  with  10  feet  berm 

(6)  Zoning  -  Homogeneous 

(7)  Impervious  core  -  No 

(8)  Cutoff  -  3  to  10  feet  in  depth,  12  foot  bottom  width, 

IV  on  IH  side  slopes. 

(9)  Grout  curtain  -  None 

(10)  Wave  protection  -  Riprap  extending  5  feet  below  and  8  feet 
above  permanent  pool  level. 

(11)  Foundation  drain  -  trench  and  perforated  pipe 
Diversion  Channel  and  Regulating  Tunnel.  None 
Spillway. 

(1)  Principal 

(a)  Type  -  Reinforced  concrete  riser  6  feet  x  12  feet  with 
a  reinforced  concrete  conduit  6  ft.  x  6  ft.  connected 
with  a  reinforced  concrete  transition  chute  into  a 

St.  Anthony  Falls  (S.A.F.)  type  energy  dissipater. 

(b)  Crest  (invert)  elevation  -  High  stage  -  949.5  ft. 

Low  stage  (normal  pool) 944.3  ft. 
Outlet  (conduit  invert)  elevation  -  932  ft. 

(c)  Length  -  128  ft. 

(2)  Emergency 


(a)  Type  -  vegetated  earth,  uncontrolled,  located  on  left 
abutment  between  main  embankment  and  N.E.  wing  dike. 
Bottom  width  -  200  feet;  side  slopes  -  IV  on  3H. 


(b)  Control  section  -  50  foot  level  section 

(c)  Crest  elevation  -  954.7  (plans),  955.3  (measured) 

(d)  Upstream  Channel  -  vegetated  and  open 

(e)  Downstream  Channel  -  vegetated,  grade  -  8% 


Regulating  Outlets.  None 


SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN 

The  structure  was  designed  by  the  SCS,  Columbia,  Missouri.  Copies  of 
the  Geologic  and  Soil  Mechanics  Reports  are  included  in-Appendix  E. 

The  plans  are  included  in  Appendix  C. 

2.2  CONSTRUCTION 

The  dam  was  constructed  in  1970  by  Lexeco,  Leavenworth,  Kansas.  The 
S.C.S.  provided  technical  supervision.  Inspection,  and  quality 
control  for  construction  of  the  dam. 

2.3  OPERATION 

No  data  were  available  on  spillway  operation.  It  was  reported  by 
SCS  personnel  that  water  barely  flowed  over  the  crest  of  the 
emergency  spillway  within  6  months  after  the  structure  was  completed. 

2.4  EVALUATION 

a.  Availability.  The  data  included  in  Appendix  C  and  Appendix  E 
were  readily  available  from  the  SCS. 

Adequacy .  The  data  are  considered  adequate  to  support  the 
conclusions  of  this  report.  Seepage  and  stability  analyses 
presented  in  the  SCS  reports  shown  in  Appendix  E  are  considered 
adequate  for  this  structure. 

c.  Validity.  The  data  and  analyses  are  considered  valid  and  adequate. 


SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 

a.  General .  A  visual  inspection  of  the  Grindstone-Lost-Muddy 
Creek  Dam  C-3  was  made  on  June  3,  1980.  Engineers  from 
Hoskins-Western-Sonderegger,  Inc.,  Lincoln,  Nebraska  making 
the  inspection  v/ere:  R.S.  Decker,  Geotechnical;  Garold  Ulmer 
and  Gordon  Jamison,  Hydrology. 

b.  Dam. 

(1)  Geology  and  Soils  (abutment  and  embankment).  This  dam  is 
located  in  the  dissected  till  plains  area.  Upland  soils 
consist  of  a  thin  mantle  of  loess  (CL)  underlain  by 
glacial  till  (CL-CH).  Abutments  consist  of  a  thin  mantle 
of  loess  colluvium  and/or  glacial  till.  No  till  was 
observed  at  the  site.  The  valley  materials  consist  of 

22  to  28  feet  of  CL  alluvium  underlain  by  silty  sands 
(SM-ML)  which  are  underlain  by  heavy  till  at  depths  of 
30  to  36  feet.  Materials  in  the  dam  consists  of  CL  and 
CH  alluvium  and  glacial  till  borrowed  in  the  reservoir 
area  below  the  permanent  pool  elevation. 

(2)  Upstream  Slope.  The  upstream  slope  is  well  vegetated 
with  adapted  grasses  from  the  crest  down  to  the  riprap. 
The  riprap  is  durable  limestone  and  looks  good  with  no 
significant  deterioration.  A  few  small  trees  are 
growing  along  the  waters  edge  in  the  left  corner  of 
the  reservoir.  Measurements  indicate  that  the  slope 

is  somewhat  flatter  than  shown  on  the  plans.  No  slumps 
or  deformations  were  observed  on  the  slope.  Photos 
10,  11  and  12  show  the  upstream  slope. 

(3)  Crest.  The  crest  is  well  vegetated.  No  cracks,  slumps 
or  deformations  were  observed  on  the  crest.  Measurements 
indicate  that  crest  elevations  ai^e  essentially  as 
constructed  and  in  accordance  with  the  plans.  Photos 

7  and  8  show  the  crest. 

(4)  Downstream  Slope.  The  downstream  slope  is  well  vegetated 
with  adapted  grasses.  No  cracks,  slumps,  or  abnormal 
deformations  were  observed.  No  indications  of  seepage 
were  observed  on  the  slope  or  along  the  toe  of  the  dam. 
The  downstream  slope  is  shown  in  Photos  4,  5,  6.  The 
toe  drain  was  not  discharging  at  the  time  of  inspection, 
but  rust  stains  shown  in  Photo  No.  17  indicate  that  the 
right  drain  has  discharged  in  the  past. 
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(5)  Miscellaneous.  The  excellent  vegetative  cover  and  the 
nature  of  the  materials  in  this  dam  vyould  indicate  that 
it  could  withstand  significant  overtopping  without 
serious  damage. 

c.  Appurtenant  Structures. 

(1)  The  Principal  Spillway.  The  principal  spillway  consists 
of  a  reinforced  concrete  drop  inlet  (riser)  with  low  level 
port;  box  conduit,  and  chute  with  energy  dissipating 
blocks.  The  concrete  in  the  inlet  and  outlet  sections 
looks  good  with  no  signs  of  spalling  or  cracking. 

Inspection  of  the  box  conduit  showed  no  cracks,  spalling 
or  abnormal  elongation.  The  trash  rack  shows  no  sign 

of  deterioration.  Photos  14  and  15  show  the  inlet 
structure.  Photos  16,  17  and  18  show  the  outlet 
structure.  The  second  joint  of  the  chute  section 
(see  E.J.  2  on  sheet  4  of  the  plans)  has  opened  up  from 
the  top  downward  on  both  sides  of  the  chute  wall.  The 
opening  on  the  right  side  is  1.3  inches  at  the  top  and 

tapers  to  zero  down  about  5  feet  from  the  top.  The 

opening  on  the  left  side  is  1.3  inches  at  the  top  and 

about  0.4  inch  down  about  1  foot  from  the  top.  Photos 

20  and  21  show  the  joint  openings. 

(2)  The  Emergency  Spillway.  The  emergency  spillway  is  very 
well  vegetated  with  adapted  grasses.  There  was  no 
evidence  of  slumps,  slides  or  erosion  in  the  spillway. 
Discharge  from  the  spillway  will  not  encroach  on  the 
embankment.  Measurements  indicate  the  spillway  was 
constructed  according  to  the  plans  except  that  the  crest 
elevation  is  slightly  higher  (0.3  to  0.5  ft.)  than  shown 
on  the  plans.  Photos  22  and  23  show  the  spillway. 

(3)  Drawdown  Facilities.  Drawdown  facilities  consist  of  a 
24-inch  reinforced  concrete  pipe  with  rising  stem  slide 
gate.  At  the  time  of  inspection,  the  gate  valve  was 
leaking  at  an  estimated  rate  of  4-5  g.p.m.  Photo  No. 

13  shows  the  slide  gate, 

d.  Reservoir  Area.  The  area  around  the  reservoir  is  well  vegetated 
with  grass.  No  slumps  or  slides  were  evident  around  the 
reservoir.  No  significant  erosion  was  observed  along  the 
shoreline.  Photo  14  shows  a  portion  of  the  reservoir. 

e.  Downstream  Channel.  The  channel  downstream  from  the  principal 
spillway  is  open,  clean  and  stable  for  a  distance  of  200-300 
feet.  Below  this  section  the  channel  is  pretty  well  clogged 
with  trees  and  brush.  Photo  No.  16  shows  the  downstream  channel. 
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3.2  EVALUATION 


Measurements  indicate  that  this  structure  was  built  essentially 
according  to  plans  and  specifications.  It  appears  to  be  in 
excellent  condition.  A  few  deficiencies  in  maintenance  (trees 
on  upstream  side,  joint  openings  in  the  principal  spillway  outlet 
section)  should  be  corrected. 


SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

There  are  no  controlled  outlet  works  (except  the  small  drawdown 
pipe)  for  this  dam.  The  pool  level  is  controlled  by  rainfall, 
infiltration,  evaporation,  and  the  capacity  of  the  uncontrolled 
spillways. 

4.2  MAINTENANCE  OF  DAM 

Maintenance  of  the  structure  appears  to  be  good  except  for  the 
minor  deficiencies  noted  in  Section  3  of  this  report.  Periodic 
inspections  of  the  dam  are  made  by  SCS  and/or  Soil  and  Water 
Conservation  District  personnel. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 

The  only  operating  facility  at  this  dam  is  the  24-inch  drawdown 
pipe  with  slide  gate  control. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT 
There  is  no  warning  system  in  effect  for  this  dam. 

4.5  EVALUATION 

The  overall  appearance  of  this  dam  after  10  years  of  operation  is 
excellent.  The  maintenance  program  for  the  dam  should  include  removal 
of  the  small  trees  which  are  growing  along  the  waters  edge  at  the 
juncture  of  the  principal  embankment  with  the  secondary  wing  dike 
and  also  repair  of  the  joint  openings  in  the  concrete  spillway  outlet. 
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SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5,1  EVALUATION  OF  FEATURES 

a.  Design  Data.  Pertinent  hydraulic  and  hydrologic  data  used 
in  evaluating  the  dam  were  taken  from  "as-built"  plans 
furnished  by  the  Soil  Conservation  Service,  Maysville, 

Missouri  and  are  shown  in  Appendix  C,  Plate  C-20. 

b.  Experience  Data.  The  drainage  area,  reservoir  surface  area, 
and  elevation-storage  data  were  taken  from  the  SCS  "as-built" 
plans  and  verified  by  the  U.S.G.S.  Darlington,  Mo,  and 
Stanberry,  Mo,  15  minute  topographic  quadrangle  maps.  The 
hydraulic  computations  for  the  spillways  and  dam  overtopping 
discharge  ratings  were  based  on  the  "as-built"  plans  and 

data  collected  in  the  field  at  the  time  of  the  field  inspection. 

c.  Visual  Observations. 

(1)  The  principal  spillway  appeared  to  be  in  good  condition 
except  as  noted  in  Section  3. 

(2)  The  emergency  spillway  appeared  to  be  in  excellent 
condition.  Spillway  releases  will  not  endanger  the 
integrity  of  the  dam. 

(3)  There  is  a  drawdown  facility  located  in  the  principal 
spillway  structure  consisting  of  a  24-inch  diameter 
reinforced  concrete  pipe  with  a  24-inch  diameter  slide 
gate.  The  slide  gate  was  leaking  approximately  3-5 
gallons  per  minute  at  the  time  of  inspection  (see  Photo 
No.  13). 

d.  Overtopping  Potential.  The  spillways  are  too  small  to  pass 
the  probable  maximum  flood  or  50%  of  the  probable  maximum 
flood  without  overtopping.  The  spillways  will  pass  the  1% 
probability  flood  as  well  as  35%  of  the  probable  maximum 
flood  without  overtopping  the  dam.  Overtopping  is  dangerous 
because  the  flow  of  water  over  the  crest  will  erode  the  face 
of  the  dam  and,  if  continued  long  enough,  will  breach  the  dam 
with  sudden  release  of  all  of  the  impounded  water  into  the 
downstream  floodplain. 

The  results  of  the  routings  through  the  dam  are  tabulated  in 
regards  to  the  following  conditions; 
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Frequency 

Inflow 
Discharge 
c. f.s. 

Outflow 
Discharge 
c. f.s. 

Maximum 

Pool 

Elevation 

*Maximum 
Depth 
Over  Dam 
ft. 

Duration 

Over 

Top 

hr. 

1/2  PMF 

30,250 

23,100 

963.9 

1.5 

3+ 

PMF 

60,500 

58,700 

966.1 

3.7 

7+ 

0.35  PMF 

21,200 

10,300 

961.5 

0 

o“ 

*  Minimum  top  of  dam  elevation  -  962.4 


According  to  the  recommended  guidelines  from  the  Department  of  the 
Army,  Office  of  the  Chief  of  Engineers,  this  dam  is  classified  as 
having  a  high  hazard  rating  and  an  intermediate  size.  Therefore, 
the  PMF  is  the  test  for  the  adequacy  of  the  dam  and  its  spillway. 

The  estimated  damage  zone  is  described  in  Paragraph  l,2d  in  this 
report. 


SECTION  6  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observation.  The  dam  appears  to  be  structurally 
stable.  There  is  no  evidence  of  slips,  slides,  deformations 
nor  seepage. 

b.  Design  and  Construction  Data.  Design  data  and  "As  Built" 
plans  were  available  from  the  Soil  Conservation  Service  and 
are  included  as  Appendix  C  and  Appendix  E  of  this  report. 

Seepage  and  stability  analyses  presented  in  the  SCS  report 
are  considered  adequate  for  this  structure. 

c.  Operating  Records.  There  are  no  controlled  operating  facilities 
for  this  dam  except  the  drawdown  facility  to  be  used  for 
emergencies. 

d.  Post  Construction  Changes.  There  have  been  no  post  construction 
changes  for  this  structure. 

e.  Seismic  Stability.  This  dam  is  located  in  Seismic  Zone  1.  An 
earthquake  of  the  magnitude  predicted  in  this  area  is  not 
expected  to  cause  structural  failure  of  this  dam. 
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SECTION  7  -  ASSESSMENT/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

a.  Safety.  The  dam  appears  to  be  in  excellent  structural  condition 
with  no  likely  potential  of  failure.  The  flood  from  one-half 
the  Probable  Maximum  Flood  (PMF)  will  overtop  the  dam  by  1.5 
feet  +  for  about  3  hours.  The  PMF  will  overtop  the  dam  about 
3.7  feet  for  7  hours  +.  Overtopping  is  dangerous  because  the 
flow  of  water  over  thi  crest  will  erode  the  face  of  the  dam  and, 
if  continued  long  enough,  will  breach  the  dam  with  sudden  re¬ 
lease  of  all  of  the  impounded  water  into  the  downstream  flood- 
plain. 

The  joint  openings  in  the  concrete  spillway  outlet  should  be 
repaired  to  minimize  future  problems.  Willow  trees  growing  in 
the  upstream  corner  of  the  dam  are  not  presently  endangering 
the  safety  of  the  .dam  but  should  be  removed  before  they  spread 
into  the  entrance  area  of  the  emergency  spillway. 

b.  Adequacy  of  Information.  The  design  data  and  plans  furnished 
by  SCS  and  included  as  Appendix  C  and  Appendix  E  of  this  report 
and  the  observations  made  during  the  inspection  are  considered 
adequate  to  support  the  conclusions  and  recommendations  presen¬ 
ted  in  this  report.  Seepage  and  stability  analyses  presented 
in  the  SCS  report  are  considered  adequate  for  this  structure. 

c.  Urgency.  A  program  should  be  developed  as  soon  as  possible  to 
monitor  at  regular  intervals  the  deficiencies  described  in  this 
report.  The  remedial  measures  recommended  in  paragraph  7.2 
should  be  accomplished  in  the  near  future.  The  item  recommended 
in  paragraph  7. 2. a  should  be  pursued  on  a  high  priority  basis. 

d.  Necessity  for  Further  Investigations.  Further  investigations 
as  required  to  implement  the  recotmiendations  made  in  paragraph 
7. 2. a.  should  be  conducted  by  the  owner. 

e.  Seismic  Stability.  This  dam  is  located  in  Seismic  Zone  1.  An 
earthquake  of  this  magnitude  is  not  expected  to  be  hazardous  to 
this  dam. 

7.2  REMEDIAL  MEASURES 

The  following  remedial  measures  and  maintenance  procedures  are  recom¬ 
mended.  All  remedial  measures  should  be  performed  under  the  guidance 
of  a  professional  engineer  experienced  in  the  design  and  construction 
of  dams. 


a.  Alternatives. 


(1)  The  emergency  spillway  size  and/or  the  height  of  the  dam 
should  be  increased  to  pass  the  Probable  Maximum  Flood 
without  overtopping  the  dam. 

b.  Operation  and  Maintenance  Procedures. 

(1)  The  joint  openings  in  the  concrete  spillway  outlet  should 
be  repaired. 

(2)  Tree  growth  on  the  upstream  slope  should  be  removed  and 
measures  taken  to  prevent  recurrence.  Large  trees  or 
trees  with  an  extensive  system  of  roots  should  be  removed 
under  the  guidance  of  an  engineer  experienced  in  the  design 
and  construction  of  dams. 

(3)  Periodic  inspection  of  the  dam  should  be  continued  with 
inspection  reports  made  a  part  of  the  records  for  this 
structure. 
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APPENDIX  A 
MAPS 


ID  NO.  MO  10384 
DEI^ALB  COUNTY,  MISSOURI 


LOCATION  MAP 

PLATE  A-2 


APPENDIX  B 
PHOTOGRAPHS 


PHOTO  NO.  2  -  PROJECT  PLAQUE 


PHOTO  NO.  3  -  DOWNSTREAM  SLOPE  SHOWING  EMERGENCY  SPILLWAY 
ON  EXTREME  RIGHT  TAKEN  FROM  COUNTY  ROAD  EAST  OF  DAM 


PLATE  B-2 


PHOTO  NO.  4  -  DOWNSTREAM  SLOPE  FROM  LEFT  END 


PHOTO  NO.  5  -  DOWNSTREAM  SLOPE  FROM  RIGHT  END 


PHOTO  NO.  6  -  DOWNSTREAM  SLOPE  OF  LEFT  WING  TAKEN  ’ 
FROM  LEFT  END 


PHOTO  NO.  8  -  CREST  OF  RIGHT  EMBANKMENT  FROM  LEFT  END 


PHOTO  NO.  9  -  OVERVIEW  TAKEN  FROM  END  OF  LEFT  WING 


PHOTO  NO.  10  -  INLET  OF  EMERGENCY  SPILLWAY 


PHOTO  NO.  11  -  UPSTREAM  FACE  FROM  LEFT  END 


I 


A 


PHOTO  NO.  12  -  UPSTREAM  FACE  SHOWING  RIPRAP  AND  ENTRANCE  CHANNEL 
OF  EMERGENCY  SPILLWAY  IN  BACKGROUND 


PHOTO  NO.  13  -  VALVE  ON  DRAWDOWN  STRUCTURE 


PLATE  B-9 


L 


PHOTO  NO.  18  -  OUTLET  END  OF  PRINCIPAL  SPILLWAY 


PLATE  B-IO 


PHOTO  NO.  20  -  OPENING  OF 
JOINT  IN  RIGHT  SIDE  OF 
SPILLWAY  STRUCTURE 


PHOTO  NO.  21  -  OPENING  OF 
JOINT  IN  LEFT  SIDE  OF 
SPILLWAY  STRUCTURE 


PLATE  B-11 


PHOTO  NO.  22  -  ENTRANCE  SECTION  OF  EMERGENCY  SPILLWAY  FROM 
LEFT  END  OF  DAM 


PHOTO  NO.  23  -  VIEW  DOWN  OUTLET  CHANNEL  OF  EMERGENCY 
SPILLWAY 


plate  B-12 


PHOTO  NO.  24  -  LOOKING  NORTH  FROM  BRIDGE  CROSSING  ON  HIGHWAY 
A  SHOWING  FLOOD  PLAIN  OF  LOST  CREEK 


PHOTO  NO.  25  -  LOOKING  SOUTH  TOWARD  LOST  CREEK  FLOOD  PLAIN 
AT  BRIDGE  ON  HIGHWAY  A.  ABOUT  8-9  MILES  DOWNSTREAM 


PLATE  B-13 
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PLATE  C-20 


PLATE  C-ZZ 


HYDROLOGIC  COMPUTATIONS 


The  SCS  dimensionless  unit  hydrograph  and  the  systemized  computer  pro¬ 
gram  HEC-1  (Dam  Safety  Version),  July  1978,  prepared  by  the  Hydrologic 
Engineering  Center,  U.S.  Corps  of  Engineers,  Davis,  California,  were 
used  to  develop  the  inflow  hydrographs  (See  this  Appendix). 

a.  Forty-eight  hour,  one  percent  probabilistic  rainfall  for  the  dam 
location  was  taken  from  the  data  for  the  rainfall  station  at 
Chillicothe,  MO.  as  supplied  by  the  St.  Louis  District,  Corps  of 
Engineers  per  a  hydrologic/hydraulic  training  session  on  30  April, 
1980.  The  forty-eight  hour  probable  maximum  precipitation  was 
taken  from  the  curves  of  Hydrometeorological  Report  No.  33  and 
current  Corps  of  Engineers  and  St.  Louis  policy  and  guidance  for 
hydraulics  and  hydrology.  The  rainfall  distribution  as  described 
by  EM  1110-2-1411  (Standard  Project  Storm)  was  used  in  distributing 
the  rainfall. 

b.  Drainage  area  =  19.0  square  miles  (12,160  acres). 

c.  Time  of  concentration  of  runoff  =  3.4  hours  (taken  from  "as-built" 
plans).  Time  of  concentration  was  verified  using  the  "Kirpich" 
formula  -  Tc  =  0.0001299  |_1.15^0.38 

Where  L  =  main  channel  length  from  the  outflow  point  to 
the  upstream  watershed  boundary,  in  feet  =  40,500 

AH  =  elevation  difference  between  the  outflow  point 
and  the  upstream  watershed  boundary,  in  feet  =  176 

Time  of  concentration  for  "Kirpich"  was  3.62  hours;  therefore, 
the  SCS  figure  was  assumed  as  accurate  and  used  in  the  routing 
computations . 

d.  The  antecedent  storm  conditions  for  the  probable  maximum  preci¬ 
pitation  were  hea’ y  rainfall  and  low  temperatures  which  occurred 
on  the  previous  5  days  (SCS  AMC  III).  The  antecedent  storm  con¬ 
ditions  for  the  one  percent  probabilistic  precipitation  were  an 
average  of  the  conditions  which  have  preceded  the  occurrence  of 
the  maximum  annual  flood  on  numerous  watersheds  (SCS  AMC  II). 

The  initial  pool  elevation  was  assumed  at  the  crest  of  the  riser. 

No  antecedent  storm  was  required  due  to  the  utilization  of  the 
forty-eight  hour  storm. 

e.  The  total  twenty-four  hour  storm  duration  losses  for  the  one 
percent  probabilistic  storm  were  2.51  inches.  The  total  losses 
for  the  PMF  storm  were  1.16  inches.  These  data  are  based  on  SCS 
runoff  curve  No.  91  and  No.  79  for  antecedent  moisture  conditions 
SCS  AMC  III  and  AMC  II  respectively.  The  watershed  is  composed 
of  primarily  SCS  soil  groups  Shelby  (hydrologic  group  C)  and 
Lagonda,  Grundy,  and  Lamoni  (hydrologic  group  D).  The  watershed 
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is  approximately  80%  in  crops  and  20%  in  pasture  and  wooded  areas. 
The  crops  consist  of  row  crops,  small  grain,  and  legumes  with 
contour  and  terrace  farming  being  practiced. 

f.  Average  soil  loss  rates  =  0.05  inch  per  hour  approximately  (for 
PMF  storm,  AMC  III). 

2.  The  combined  discharge  rating  consisted  of  three  components:  the 
flow  through  the  principal  spillway,  the  flow  through  the  emergency 
spillway  and  the  flow  over  the  top  of  the  dam^ 

a.  The  principal  spillway  rating  was  developed  as  follows: 

(1)  Low  stage  weir  flow  equation  (Qw  =  CLH^-^) 

where  C  =  weir  coefficient  =3.1  (SCS  Engr.  Memo  50) 

L  =  length  of  weir,  ft.  =  15.0  (2  x  7.5) 

H  =  total  head,  ft.  =  Pool  elevation  -  944.3 

(2)  Low  stage  orifice  flow  equation  (Qo  =  CA  J  2gH ) 
where  C  =  orifice  coefficient  =  0.6  (SCS  T.R.  29) 

A  =  area  of  opening,  ft. 2  =  22.5  (2  orifices) 

H  =  total  head,  ft.  =  Pool  elevation  -  945.05 

(3)  High  stage  weir  flow  equation  (Qw  =  CLH^-S) 

where  C  =  weir  coefficient  =  3.1  (SCS  Engr.  Memo  50) 

L  =  length  of  weir,  ft.  =  34.33 
H  =  total  head,  ft.  =  Pool  elevation  -  949.5 

/  2qh 

(4)  Full  conduit  flow  equation  (Qp  =  a  J\  +  Kr  +  Kpl p  ) 
where  a  =  area  of  conduit,  ft. 2  =  36.0 

Kr  =  coefficient  for  loss  through  riser  =  0.7  (SCS 
Design  Note  8) 

Kp  =  coefficient  for  conduit  friction  loss  =  0.00287 
(ES-42,  SCS  NEH,  Section  5) 

Ip  =  length  of  conduit,  ft.  =  128 
h  =  total  head  =  Pool  elevation  -  935.14 

(Note:  full  conduit  flow  controls  at  or  above  pool 
elevation  953  j^). 

b.  The  emergency  spillway  rating  was  developed  using  the  Corps  of 
Engineers  Water  Surface  Profiles  HEC-2  computer  program. 

Critical  depth  was  assumed  to  occur  just  downstream  of  the 
control  section  of  the  spillway. 

c.  The  flows  over  the  dam  were  developed  using  the  dam  overtopping 
analysis  (Flow  over  non-level  dam  crest)  with  the  HEC-1  (Dam 
Safety  Version)  program. 

3.  Floods  were  routed  through  the  reservoir  using  the  HEC-1  (Dam 
Safety  Version)  Program  to  determine  the  capabilities  of  the 
spillway  and  dam  embankment  crest.  The  input,  output,  and  plotted 
hydrographs  are  attached  in  this  Appendix. 


PLATE  0-2 


CRAPH  PAP 


ifGElAfOOQlFt 


r 


tn 

I 

o 

£ 

< 

O 


UJ 

ec 

o 

u.  > 
X  a 
a  a 

D 


o 

o 

o 

lo 

io 

lO 

!S 

is 

,o 

1° 

!o 

>o 

\° 

12 

|0 

!° 

o 


I  o 


is 

'S 

I  o 

1^  - 
I  •  ° 

o  o 
lo  o 
1  o  o 


o 

o 

o 

o 

o 

o 

o 


O  O  lAIOS 
•  •  O'!  O* 
kn  lA  001 
tn  >d  oj 
0*0  01 
o  o  o 
o  o  o 
o  o  o 
o  o  ia| 


OCI 


o; 


OI 

•I 


tn 

o 

o 

o 

o 

O' 


m 


o 

o 

o 


I 

ol 

0‘ 

o\ 

o 


^  eol 
'  lA  Ol 
!0>  O'  O 
'O  O  O 

|o  o  o 
lo  o  o 

O  O' 

1 1  •  •  '♦■lo 

ifA  (A  a9|«A 
lA  *0  OiO 
0«  O'  Ol^ 

o  o  o!o 
o  o  o<o  I 
o  O  OlO  1 
moo  »  m  lAi 
•  Ol'*'  o  «o! 

■^;<N  <M  h-l|A  m  O'! 

.♦■iiA  O  0!-<  O  ol 
0'|O>  O  Ot»-«  ^  Ol 


I 


U. 

z 

o 

IO  O  Q 

o 

« 

O  o  O'O  o 

o 

o 

o 

a 

eCjO 

O  O  >( 

o 

O  O  O  o  o  o 

o 

o 

— :0 

|0  O  « 

o 

lO  o  o  o 

o  o 

o 

o 

c 

</l  <A  0| 

j  lA  O  UJ 

o  < 

o 

O  O  O  AJ 

m 

CA 

US 

'J' 

H- 

o  O  >1 

Ua  O  kA 

•  m 

o 

• 

•  CXSIA*. 

<7^ 

*0 

CA 

• 

^1. 

Q 

-j  a£i 

1  •  O  OfM  •*« 

o 

O  CMlO 

•i4 

O' 

O'icA 

1 

UJi 

1  O  O  OCi  o  o 

o 

!u>  >o  o 

O'  o 

•o 

H- 

< 

UJ  ia; 

'o  o 

o  o 

o 

c 

O'  OlO 

o  o 

o 

O' 

3 

Of 

Z  Ull 

lO  o  Q 

o  o 

o 

O 

o  olo 

o 

o 

o 

o 

a  . 

O  O 

o  o 

o 

O 

o  olo 

o 

O: 

o 

o 

'J  >- 

O  O 

o  o 

o 

o 

O  0.0 

o 

o 

o 

o 

z 

WO  UJ 

O  O  I 

O  m 

CM 

CD 

lA 

O  O  CM 

fA 

\e\ 

•iH 

Q 

IM 

o 

X 

vA  o  a 

•  pg 

o 

fO 

o 

• 

•  CA»0 

• 

mm 

• 

z 

•  o  < 

T  -J 

o 

o 

o 

O' 

O  CM. O' 

*■4 

yf  im 

3 

M 

c  o  a 

-<  o 

o 

•f 

*0  o  <o 

CD 

^■4 

<c 

®  z: 

o  o  o 

o  o 

ol 

o 

CO 

O'  oio 

o 

O' 

OIO. 

Li. 

C5 

o  o 

o  O  Q 

o  o 

o 

ae 

o 

o 

O  0,0 

o  Ol 

o 

O 

o 

Z 

o 

o  o  a: 

o  o 

Ol  — 

o 

o 

O  OIO 

o 

o 

OiO 

f_g 

M 

u.  O 

o  o  o 

o  o 

OlO 

o 

o 

O  OIO 

O  O 

o 

o 

Z 

a 

o  z 

lA  > 

m 

■> 

o 

O  COICM 

ro 

Cs» 

O  UMO. 

a 

,'»•  z 

ac 

o 

• 

•  CS  ‘00 

«o 

• 

CA  Ol  • 

o  > 

W-‘ 

1  • 

UJ 

o 

® 

O'  —[O' 

O  f*- 

O' 

CD 

CSJ 

</1 

w-> 

)0  z 

o 

<A 

o 

CA  OC'T 

o  tn 

o 

>0 

ec  UJ 

o 

o  a 

o 

UJ  o 

O' 

O'  oio 

o 

O' 

o  o 

O' 

UJ 

u. 

UJ 

O  -J 

o 

of 

o 

o 

o  o  o 

o  o 

o  o 

o 

>  < 

►- 

o  u. 

o 

o 

o 

O  o  o 

o 

o 

o  o 

o 

a 

o  z 

o 

x 

o 

o 

o  oio 

o 

o 

o  o 

o 

o 

o 

^lo  •-MtO  lA 

o 

O  cAi— 

CA 

lA  O 

h- 

UL 

ot**- 

•  o 

o 

X 

• 

•  Ol'O 

f~ 

• 

• 

m 

a 

o 

o  •  u. 

o  o 

c 

u- 

,>0 

ec  —  IcA 

f" 

sf 

US  |CM 

o 

u.‘o 

0.0  0‘*H  o 

o 

CA  OiCA 

\r^ 

o  o 

-o 

X 

o 

o  o 

o  o 

o 

O' 

O'  O'O 

o 

o 

o 

u. 

MM 

Q. 

o 

O  O  Z'O  c 

o 

o 

O  0:0 

O 

o 

o 

O'O 

t/5 

o 

o  o  o 

o  o 

o 

o 

o 

O  O'O 

o 

o 

o 

0:0 

> 

WL.O 

O  o  — 

o  o 

o 

o 

o  o  o 

o 

o 

o 

OlO 

1/5 

0.0 

ao>(A  — <  1— 

CM  O 

CsJ 

u. 

o 

O  c^ 

CA 

Oius 

MM 

< 

o 

o  m  o  <  o  » 

o 

o 

o 

• 

•  CM'CA 

O' 

• 

• 

<NJ 

• 

un 

z 

t/»iO 

o  •  o  ^,o  '♦ 

• 

• 

0,0 

iiA 

f"  o  o 

CM 

CM 

rsi 

1 

> 

< 

0,0 

O  O  O  O'O  CM 

CM 

1 

o 

UJ 

CA  o  ,CM 

o 

Ol'O 

mm 

o 

O  O  O  U 

o  o 

o 

o 

O'  O'O 

o 

o 

O'O' 

< 

X 

w- 

o 

O  O  O  -J 

o  o 

o 

O'O 

o 

coo 

o 

o 

c 

OIO 

r 

o 

<  o 

O  O  O  < 

o  o 

o 

o  o 

o 

o  o  o 

o 

c 

o 

o 

< 

X 

'if.o 

O  O  O  I.J 

o  o 

o 

o 

CC 

o 

o  oo 

o 

o 

o 

o 

cc 

ir\ 

-»  o  o 

-J  o 

o 

pa4 

O  o  CJ5 

o 

vO 

CA  ■*»■ 

o 

O' 

03 

a 

O  m  o 

o  o 

o 

O 

o 

• 

•  o  — 

o 

<VJ 

•  • 

o 

• 

o 

IM 

O  O  to 

o  o 

o 

o 

O'# 

<0  o  'CM 

o 

C^s#•  fsj 

O  CM 

o 

O 

o 

O  O  o 

o  o 

c 

Ol 

o 

0 1— J 

o 

o 

yC 

O  I'O 

o 

!0  a  o  o  a 
lo  o  o  o  o 


CVi 

<  < 


;o  o 
:o  o 


o  o, 
o  o. 

<1®  ®  ->  -»  Si|x  o.  X 


O  O*  O  o  lO  O  O  O'  O  o  IO* 
o  o  o  o'o  o  o ;  o 

^  ^  .A  llA  (A  UJ  '•*  O 

>-  >  .>  >  >.  j>  ■*A 

I  I 


SC<I<I<<I< 


I 


I 


I 


i 

I 


I 


PLATE  0-5-=- 


FLOUO  HVORUGRAPM  PACKAGE  IMEC-ll 
MN  SAFErV  VEKSION  JULY  1978 

last  HaoiFICATiON'  26  Mb  79 
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APPENDIX  E 
DIVISION  II 
SOILS  REPORT 
USDA  -  SCS 
MAY,  1968 


TO 

FROM 

subject: 


O^IONAi.  rOAM  NA  19 
M*r  IM  COITION 
<i%A  PPMA  («t  CTK) 

"UNITED  STATES  GOVERNMENT 

Memorandum 

Jaces  M.  Dale,  State  Conservation  Engineer,  date:  July  19,  1968 

SCS,  Columbia,  Missouri 

Lorn  P.  Dunni^n,  Head,  Soil  Mechanics  Laboratory, 

SCS,  Lincoln,  Nebraska 

ENG  22-3,  Missouri  WP-08,  Grindstone-Lost-Muddy  Creek  Watershed,  Site  No.  C-3 
(Gentry  and  Dekalb  Counties) 


ATTACHMENTS 


1. 


Form  SCS-35^, 
Form  SCS-128, 
Form  SCS-127, 
Form  SCS-355, 
Form  SCS-352, 
Form  SCS- 3 57, 


Soil  Mechanics  Laboratory  Data,  k  sheets . 
Consolidation  Test  Data,  12  sheets. 

Soil  Permeability,  3  sheets. 

Triaxial  Shear  Test  Data,  5  sheets. 
Compaction  and  Penetration  Resistance  Report, 
Sxjmmary  -  Slope  Stability  Analysis,  3  sheets. 


9  sheets. 


DISCUSSION 


FOUNDATION 

A.  Classification:  The  foundation  material  at  this  site  consist  of 
glacial  till  on  the  abutments  and  alluvium  overlying  glacial  till  in  the 
floodplain.  The  alluvium  has  a  maximiim  thickness  of  about  35  feet. 

The  Kansan  till  is  field  classified  as  CL  and  reportedly  contains  about 
25  to  30  percent  coarse  material.  The  alluvium  as  represented  by  samples 
from  holes  6,  8,  9  and  302  consists  of  CH,  CL,  SM  and  SP-SM.  The  CL's 
range  from  sandy,  low  plasticity  CL  like  that  sampled  from  the  22  to 
23-foot  depth  in  test  hole  5*1  (69W2I)  to  CL  that  contains  95  percent 
fines-  and  has  a  liquid  limit  of  W  and  a  PI  of  26  like  sample  69WI7 
from  the  12  to  ll-foot  depth  in  test  hole  302.  The  CH  is  quite  fine 
grained  and  it  has  liquid  limits  in  the  range  of  6l  to  6k  and  Pi's  of 
from  38  to  k2.  The  CL  and  CH  materials  overly  the  sandy  zone  of  alluviian. 
It  appears  that  the  CH  occurs  mainly  on  the  right  side  of  the  floodplain 
and  the  CL  occurs  mainly  on  the  left  side  of  the  floodplain.  Eight 
samples  were  siibmitted  from  the  sandy  zone  that  lies  between  the  CH 
and  CL  alluvium  and  the  till  in  the  bottom  of  entrenchment.  One  of  the 
samples  represented  a  stratum  of  CL  within  the  sand.  Three  of  the 
samples  are  low  to  non-plastic  SM  tla  t  contain  from  27  to  33  percent 
fine  and  about  8  percent  finer  than  0.002  mm.  The  other  fovir  samples 
contain  from  8  to  18  percent  fines  and  are  classed  as  SP-SM  and  SM. 

The  CL  and  CH  surface  zone  ranges  frcm  more  than  20  feet  to  about  25 
feet  thick  and  the  sandy  zone  ranges,  up  to  l^i-  feet  thick. 

B.  Density  and  Blow  Count:  Three  cores  were  submitted  from  the  CL  zone 
in  test  hole  302. 

The  density  and  blow  count  data  for  the  core  samples  is  summarized  as 
follows : 
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Sample  No. 

Sample  Depth 

Fines 

PI 

yd  of  Test 
Specimens  g/cc 

Standard 
Penetration 
Resistance 
(blows /foot) 

69WI6 

5-7  feet 

67 

29 

13 

1.55  to  1.57 

12 

69WI7 

12-11^  feet 

95 

1*8 

26 

1.1*6  to  1.52 

1* 

69WI8 

18-20  feet 

53 

35 

16 

1.51  to  1.57 

3 

Blow  coimts  of  less  than  three  blows  per  foot  were  recorded  for  a 
sandy  CL  at  the  22  to  23-foot  depth  in  test  hole  5  and  in  the  SM  in 
test  holes  6  and  9*  The  low  blow  count  material  (two  blows  per  foot) 
is  not  represented  by  samples.  Attempts  to  sample  with  a  shelby 
tube  were  \ansuccessfvil. 

C.  Shear  Strength;  Consolidated  undrained  triaxial  shear  tests  were  made 
on  the  three  core  samples  stibmitted.  The  test  data  are  sumniarized  as 
follows : 


Sample  No. 

Test  yd 
(  g/  gg) 

Degree  of 
Saturation  (^6) 

Shear  Strength  Parameters 
0  deg  c(psf) 

69WI6 

1.55-1.56 

93.3  -  95.^ 

13.5 

1500  ' 

69WI7 

1.1*6-1.52 

93.5  -  98.1 

10.5 

675 

69WI8 

1.51-1.57 

91*. 2  -100.0 

22.0 

100 

The  tests  were  made  on  the  material  at  natural  moisture  content. 

The  test  data  appear  to  correlate  well  with  the  blow  count  data  in 
that  the  lower  strength  material  has  a  low  blow  count  also. 

D.  Consolidation:  Consolidation  tests  were  made  on  the  three  core 

samples  submitted.  The  test  data  indicate  that  the  sample  from  the 
5.0  -  7.0-foot  depth  has  been  pre consolidated  to  at  least  36OO  psf. 
Preconsolidation  is  apparently  due  to  dessication.  The  data  for  the 
other  tw)  samples  indicate  near  normally  consolidated  materials . 

This  data  correlates  well  with  blow  coimt.  The  pre consolidated  material 
has  blow  coiint  in  the  range  of  12,  whereas  the  near  normally  consoli¬ 
dated  material  has  a  blow  count  in  the  range  of  3  and  U  blows  per  foot. 

The  consolidation  potential  at  centerline  station  15+55  (test  hole  302) 
was  estimated.  The  test  data  indicate  that  the  consolidation  potential 
of  the  CL  stratum  at  this  location  is  about  0.8  foot.  If  the  consoli¬ 
dation  potential  of  the  sandy  zone  is  assummed  to  be  the  same  as  that 
of  the  sandy  CL  (sample  69WI8)  which  directly  overlies  the  total 
foundation  consolidation  will  be  in  the  range  of  I.3  feet.  The  Kansan 
till  has  been  asstmed  to  be  non-lielding  for  the  proposed  fill  height. 
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Based  on  the  site  investigation  data  and  the  test  data  it  appears 
that  most  foundation  consolidation  will  occur  near  the  center  of 
the  valley.  Kansan  till  is  relatively  shallow  in  the  channel  area 
on  the  left  side  of  the  floodplain  and  high  blow  count  CH  is  pre- 
valant  on  the  right  side  of  the  floodplain.  Based  on  blow  count 
and  the  test  data  from  CL  sample  69WI6  we  would  expect  the  consoli¬ 
dation  potential  of  the  CH  to  be  less  than  0.01  ft/ft. 

E.  Permeability;  Falling  head  permeability  tests  were  made  on  the 
consolidation  test  specimens  during  the  test.  The  data  obtained 
are  reported  on  the  attached  Form  SCS-127-  The  tests  indicate 
vertical  permeability  rates  of  from  about  0.001  fpd  to  0.005  fpd. 

The  sandy  stratimi  is  somewhat  stratified  and  the  permeability  of 
this  stratum  may  be  expected  to  be  variable.  Based  on  the  D^q 
size  we  estimate  that  it  will  range  from  less  than  O.05  fpd  to 
about  25  fpd. 


EMBANKMENT 

A.  Classification:  The  borrow  material  will  consist  primarily  of 
alluvium.  Nine  samples  were  submitted  to  represent  the  proposed 
borrow  area.  The  materials  represented  range  from  CL  with  an  LL  of 

4  3  and  a  PI  of  I8  to  CH  with  an  LL  of  59  and  a  PI  of  38 .  The 
surface  2.0  to  2. 5-foot  zone  is  apparently  less  plastic  and 
slightly  coarser  grained  than  the  underlying  material  as  indicated 
by  samples  69W35  and  69W4l.  These  materials  are  quite  susceptible 
to  volume  change  with  changes  in  moisture  content  as  indicated  by 
shrinkage  limit  tests  on  samples  69W35>  69W38  and  69W39*  Samples 
69W38  and  68W39  have  shrinkage  limits  of  10  and  13  and  this  is 
considerably  below  standard  Proctor  optimum  moisture  for  these 
samples  which  are  in  the  range  of  I9.  Sample  69W35  has  a  shrinkage 
limit  of  23  which  is  slightly  higher  than  Proctor  optimum  moistxire. 
The  shrinkage  limit  on  sample  69W35  is  somewhat  higher  than  normal 
for  material  with  this  LL  and  PI.  This  may  be  due  to  the  fact  that 
sample  69W35  represents  a  surface  soil  and  with  a  higher  organic 
content  the  susceptibility  to  shrinkage  may  be  less. 

B.  Compacted  Density;  Standard  Proctor  compaction  tests  were  made  on 
all  of  the  samples  svibmitted.  The  maximum  dry  density  obtained 
ranged  from  9^.5  pcf  "to  IO8.5  pcf. 
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C.  Shear  Strength:  Consolidated  xindrained  triaxial  shear  tests  were 
made  on  CL  sample  69W35  and  on  CH  sample  69W38  to  represent  the 
range  of  materials  submitted.  The  tests  were  made  at  95  percent 
of  standard  Proctor  density  at  saturation.  The  test  data  obtained 
are  summarized  as  follows: 

Sample 
No. 

69W35 

69W38 

SLOPE  STABILITY 

The  stability  of  the  proposed  slopes  was  checked  with  a  Swedish  circle 
method  of  analyses.  Analyses  were  made  for  the  embankment  only  at  the 
maximum  sectinn  and  for  the  embankment  and  foundation  at  the  centerline 
station  15+50  section.  A  phreatic  line  was  assumed  from  emergency 
spillway  elevation  to  a  drain  at  c/b  =  0.6  and  drying  cracks  were 
assumed  from  the  embankment  surface  to  the  phreatic  line  as  shown  on 
the  attached  slope  stability  summary. 

For  the  section  at  centerline  station  15+50  the  foundation  strength  was 
assigned  in  accordance  with  the  shear  test  data  for  each  stratum.  The 
lowest  factor  of  safety  obtained  for  either  slope  was  I.83  and  this  was 
obtained  on  upstream  slope  for  the  embankment  only  section.  Full  draw¬ 
down  was  assmed.  The  factor  of  safety  of  a  2  1/2:1  downstream  slope 
without  a  drain  would  be  in  the  same  range  as  that  obtained  on  the 
2  1/2 :1  upstream  slop  with  the  full  drawdown  condition.  A  summary  of 
the  analyses  is  attached. 


SETTLEMENT  ANALYSES 

The  test  data  indicate  that  the  CL  alluvium  at  centerline  station  15+50 
will  consolidate  about  0.8  foot  under  the  proposed  loading.  Based  on  a 
comparison  of  blow  count,  we  estimate  that  the  CH  stratum  at  centerline 
station  I8+5O  has  a  consolidation  potential  of  less  than  0.25  foot  and 
that  the  consolidation  potential  of  the  CL  at  centerline  14+20  may  be 
Intermediate  between  0.8  foot  and  0.25  foot.  We  assume  that  the  consoli¬ 
dation  potential  of  the  sandy  zone  at  the  three  locations  referred  to 
above  will  be  comparable  although  this  is  not  known  for  sure  because 
undisturbed  samples  were  not  obtained. 


Classi 

Test  yd 

Degree  of 

Shear  Streng 

th  Value 

fication 

%  Proctor 

Saturation 

0  deg 

c  psf 

CL 

9^.7 

91.2-92.5 

19 

875 

CH 

95.1 

96.6-97.7 

5 

925 
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Baised  on  field  classification  and  deleniation  of  material,  the  low  blow 
count  CL  (W=2)  encountered  in  test  hole  #2  is  present  in  channel  area. 

A  comparison  of  material  indicates  that  the  consolidation  potential  of 
this  type  of  material  will  probably  exceed  O.O6  ft/ft.  If  so,  the 
consolidation  potential  at  centerline  station  IO+6O  covild  approach  O.k 
foot  in  the  alluvium  overlying  Kansan  till. 


SEEPAGE  AWALYSES 

The  factor  of  safety  against  heaving  at  the  downstream  toe  was  computed 
with  the  blanket  aquifer  equation.  The  assumptions  were  k^  =  0.001  fpd, 
k^  =  100  fpd,  thickness  of  blanket  =  22  feet,  thickness  of  aquifer  =  ll- 
feet,  reservoir  head  =  23  feet.  Based  on  these  conditions,  the  factor 
of  safety  against  heaving  was  1.91. 

Seepage  losses  were  very  rovighly  estimated  using  Darcy's  equation 
Q  =  Icia.  Assuming  a  hydraulic  gradient  in  the  aquifer  of  about  0.1  and 
a  k  of  100  fpd,  the  computed  seepage  loss  is  1.1  cfs  for  a  ll4-foot  thick 
aquifer  70O  feet  wide.  If  a  hydraulic  gradient  of  0.01  is  assumed,  the 
computed  seepage  loss  is  0.11  cfs  for  the  same  conditions.  A  gradient 
of  0.1  is  about  equivalent  to  the  short  path  from  the  upstream  toe  to 
the  downstream  toe  through  the  aquifer.  The  0.01  gradient  is  slightly 
larger  than  gradient  in  the  aquifer  computed  with  the  blanket  aquifer 
equations.  Based  on  these  assimiptions  the  computed  seepage  loss  through 
the  aquifer  falls  in  the  range  of  0.1  to  1.0  cfs.  Estimates  computed  in 
this  manner  should  probably  be  doubled  if  seepage  losses  are  a  factor  in 
design.  It's  significant  that  the  seepage  losses  estimated  above  are 
based  on  an  assumed  permeability  rate,  and  if  more  accurate  losses  are 
required  then  field  permeability  tests  should  be  made  in  several  locations 
to  determine  the  permeability  of  the  aquifer  and  the  permeability  of  the 
natural  blanket. 

CONCLUSIONS  AND  RECOMMEWDATIOWS 

A.  Site  Preparation;  The  left  abutment  is  relatively  steep  in  some  areas. 
We  suggest  that  it  be  flattened  to  obtain  a  uniform  slope  and  to 
facilitate  bonding  between  fill  and  foundation. 

B.  Cutoff;  In  general  we  concur  with  the  cutoff  depths  suggested  in  the 
engineers  investigation  report  for  this  structure.  The  suggested 
trench  depth  is  relatively  shallow  on.  the  left  side  of  the  floodplain 
and  this  is  an  area  of  CH  soils .  We  suggest  careful  examination  of 
the  trench  in  this  area  during  construction  to  insure  that  the  trench 
bottoms  below  drying  cracks  that  may  exist.  We  suggest  that  the 
trench  backfill  be  compacted  to  a  minimtaa  of  95  percent  of  standard 
Proctor  density.  The  borrow  materials  are  quite  susceptible  to 
cracking  upon  drying  so  we  suggest  that  extra  precautions  be  taken 

to  insure  that  cracking  does  not  occur  in  the  natural  material  or  in 
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the  fill  during  placement.  A  placement  moisture  content  near 
optimum  is  suggested. 

Principal  Spillway:  The  proposed  conduit  location  crosses  the 
centerline  of  dam  at  centerline  station  15+55.  The  total  consoli¬ 
dation  potential  at  this  location  is  estimated  to  be  in  the  range 
of  1.3  feet.  The  investigational  data  indicates  that  the  foundation 
conditions  along  the  proposed  alignment  are  fairly  uniform . 

The  potential  conduit  elongation  has  been  estimated  to  be  in  the 
range  of  0.015  ft/ft  at  the  proposed  location.  This  estimate  assumes 
a  compressible  foxindation  33  feet  thick  with  a  consolidation  potential 

of  1.3  feet. 

The  blow  count  data  obtained  in  test  hole  9  indicates  that  the  founda¬ 
tion  consolidation  will  be  significantly  less  at  centerline  station 
18+50  than  at  the  proposed  location,  centerline  station  15+55*  Based 
on  a  comparison  of  blow  count  and  consolidation  test  data  for  sample 
69WI6  we  estimate  the  consolidation  potential  at  centerline  station 
18+50  will  be  in  the  range  of  0,75  foot.  These  data  indicate  a 
potential  elongation  in  the  range  of  slightly  less  than  O.OO9  ft/ft. 

If  it  is  possible  to  shift  the  condviit  to  the  vicinity  of  centerline 
station  I8+5O  additional  blow  count  tests  should  provide  a  good  basis 
for  determining  foundation  conditions.  If  the  conduit  is  located  in 
the  CH  area  then  the  trench  should  bottom  below  the  zone  of  cracking 
and  backfill  should  be  like  that  suggested  under  cutoff. 

Drainage :  The  cutoff  trench  will  bottom  in  slowly  permeable  CL  and 
CH  throughout  its  length  and  computatinns,  based  on  an  assumed  perm¬ 
eability  in  the  sandy  stratum,  indicate  that  uplift  at  the  toe  will 
not  be  a  problem  with  the  proposed  reservoir  height  unless  the  con¬ 
ditions  upstream  and  downstream  are  significantly  different  than  at 
centerline.  The  investigational  data  does  not  show  a  need  for  a 
drain  and  a  drain  would  result  in  more  underseepage.  There  are  two 
reasons  why  you  may  want  to  consider  a  drain,  however,  (a)  to  keep 
the  downstream  toe  dry  and  (b)  the  preconsolidated  surface  zone  of 
alluvium  may  be  quite  brittle  and  subject  to  cracking  with  non-uniform 
foundation  consolidation.  The  magnitude  of  differential  consolidation 
in  the  alluvium  is  not  known. 

A  trench  drain  located  at  about  c/b  =0.6  that  penetrates  the  foundation 
about  4  or  5  feet  would  help  protect  against  either  of  these  conditions. 


7  —  Janes  M.  Dale  —  7/19/68 
Lorn  P.  Dunnigan 

Subj:  ENG  22-5>  Missouri  WP-08,  Grindstone-Lost-Muddy  Creek 
Watershed,  Site  No.  C-3 


E.  Sabanknent  Design; 

1.  Placement  of  Materials;  The  borrow  materials  represented  by 
samples  submitted  sho\ild  be  placed  as  homogeneoiisly  as  possible. 
As  pointed  out  previoiisly  these  materials  are  susceptible  to 
cracking  upon  drying  and  for  this  reason  it  would  be  desirable 
to  place  the  CH  in  the  interior  section  if  possible.  The  test 
data  indicate  that  the  surface  soil  like  sample  69W35  is  less 
svisceptible  to  cracking  than  the  deeper  soils  and  for  this 
reason  ve  sxiggest  that  surface  soils  be  placed  at  the  surface 

of  the  embankment  if  possible. 

We  suggest  that  all  of  the  materials  be  placed  at  a  minimum  of 
95  percent  of  standard  Proctor.  Placement  should  be  near 
optimm.  We  suggest  extra  precautions  to  prevent  drying 
cracks  during  placement. 

2.  Slopes:  The  data  indicate  that  the  proposed  slopes  have 
acceptable  factors  of  safety. 

3.  Settlement :  An  overfill  allowance  of  1.25-foot  is  suggested  to 
compensate  for  residual  consolidation  in  the  fill  and  foundation. 
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U.  S.  DEPARTMENT  of  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 


LOG  TIME 
CONSOLIDATION 


P90^€Cr  ana  STATE 


FIELD  sample  NO 


APPENDIX  E 
DIVISION  in 
ENGINEER'S  REPORT 
USDA  -  SCS 
MAY,  1968 


Engineer’s  Report  «  Investigation  oi  Da;::  Site  C-3 

Grindstonc-Lost-Mudi;.-  CresR 


Harold  B»  Tc'.mser.d 


3-22-68 


CORE  TRZHCH:  Recorinended  Dcothr 


Station 


Elevation 


3rl  End  slope 


3:1  End  slooe  - 


9+90 

10+30 

11+00 

12+00 

13-'00 

19^-00 

20+00 

21+00 

22+00 

23+00 

23+30 

2ii+20 


933.0 

930,0 

931.0 

Lt»  Finrg,  Sm. 

933.0 

920.0 

920,0 

923.0 

923.0 

930.0 

931.0 

933.0 

936.0 

9L'0.o 

9U3.0 

961.0 


Hic  recannended  core  trench  ’.rill  provide  a  good  cut  oiT  e;xept  for 
the  Sil  and  GK  materials  fo’ond  telc-j  ele*'atioa  ?1C,0,  TRlf!  material 
is  covered  from  12  ft,  to  22  ft,  ■irith  CL  materal  and  sceoars  fre-;!  tiie 
pool  'i/ill  be  ver.v*  Icnr,  Foundation  drains  should  not  be  needed  to 
remove  seepage  from  the  founds. tion  s'>rrface  nesa?  the  toe  of  f-.e  dam, 
hcnre’.'cr,  the  final  decision  on  this  can  be  made  after  the  SiZL  has 
completed  its  tests, 

STREi'di  C’-f-nrElL  CIEAIT  O'TTr  Stream  channel  clean  out  :.s  recc''.m<?nded. 

It  '.rill  be  about  2  ft.  deep  in  the  center  of  the  cra.nnel  and  is 
generally  confined  to  the  existing  channel.  +hc  extent  of  t':.e  clean 
out  has  been  shc:m  on  the  ecologist’s  field  sheets, 

SIX)?IHG  CHA'ITIEL  ItV.IK.S:  The  left  chanrel  carJc  bet:.'3cn  station  IC+CO 
and  10+30  is  covered  with  timber.  The  cloaring  a..d  fou::dntion  s';r:'*'ni 
operatic.;  i.-ill  result  in  a  clcnc  of  arproxlr^  tol 2:'.L,  A].so,  the 
banh  t-.d-li.  intersect  the  da:.:  as  a  our’-ud  surface  rather  fr.an  a  flat 
plane, 

USE  OF  EXCAVATED  litTERIALS :  '7ith  proper  sohodulir;"  of  the  coa.'itruat.lcn 
operations  aU  excavated  materials  e::acnt  f our.dat '  t-r.  .':trir’'aa':  can  be 
utilized  in  the  dan  and  emergency  spillway  (moirt  j'o  re:.t-.;.ttf;v:) , 


